Abstract: Two new 13-hydroxycembrane diterpenoids, arbolides A (1) and B (2), along with a known trihydroxysteroid, crassarosterol A (3), were isolated from the soft coral Sinularia arborea. The structures of new cembranes 1 and 2 were elucidated by spectroscopic methods. Steroid 3 was found to exhibit cytotoxicity toward K562 and MOLT-4 leukemia.
Introduction
Previous studies on the chemical constituents of soft corals belonging to the genus Sinularia have led to the isolation of a number of interesting secondary metabolites and some of these were found to possess extensive bioactivities [1] [2] [3] . Continuation investigation on the chemical constituents of the marine invertebrates collected off the waters of Taiwan, two new cembrane-type diterpenoids, arbolides A (1) and B (2) , and a known steroid, crassarosterol A (3) [4] , were isolated from the soft coral Sinularia arborea (family Alcyonacea) (Figure 1 ). In this paper, we describe the isolation, structure determination and cytotoxicity of compounds 1-3. 
Results and Discussion
Arbolide A (1) was isolated as a colorless oil that gave a pseudomolecular ion [ [5] [6] [7] and a hydroxy-bearing methine (δ H 3.92, 1H, dd, J = 6.0, 6.0 Hz, δ C 76.4, CH) were identified from the characteristic NMR signal analysis. These data, combined with the five degrees of unsaturation implied by the molecular formula, suggested a bicyclic structure for 1. Figure 2 ), the separate spin systems of H-13/H 2 -14/H-1/H 2 -2/H-3, H 2 -5/H 2 -6/H-7 and H 2 -9/H 2 -10/H-11 were differentiated. These data, together with the key HMBC correlations between protons and quaternary carbons (Table 1 and H COSY spectrum of 1. The hydroperoxy-bearing methine unit at δ C 88.4 was more shielded than that expected for a hydroxy-bearing methine [5, 6] , and was correlated to the methine proton appearing at δ H 4.38 in the HMQC spectrum. Thus, the remaining hydroxy group should be positioned at C-13, as indicated by the key 1 H-1 H COSY correlations and characteristic NMR signals. 
HOO
The relative configuration of 1 was elucidated mainly from a NOESY spectrum. In the NOESY experiment for 1 (Figure 3 ), H-1 correlated with H-13, but not with H-3 and H 2 -14, and H-3 showed correlations with H 2 -14, revealing the S*-, R*-and R*-configurations of the chiral carbons C-1, C-3 and C-13, respectively, by modeling analysis. H-3 did not exhibit correlation with H 3 -18, reflecting the trans stereochemistry of 3,4-epoxide. Additionally, correlations between H-11 and H-13, as well as the lack of correlation between H-11/H 3 -20, reflected the E geometry of the double bond at C-11/12. Furthermore, by comparison of the proton chemical shift and coupling pattern of H-7 in 1 (δ H 4.38 dd, J = 7.2, 4.8 Hz) with those of known cembrane analogues, manaarenolides A (δ H 4.52, t, J = 3.5 Hz) and B (δ H 4.40 dd, J = 11.5, 3.5 Hz), which were found to possess 7α-and 7β-hydroperoxy group in their structures, respectively [5] , the 7-hydroperoxy group in 1 was proven to be β-oriented and possessing an S*-configuration. The IR spectrum revealed the presence of hydroxy group (ν max 3419 cm −1 ). The structure of cembrane 2 was deduced from its 13 C NMR and DEPT spectra ( Figure 4 ) further established the planar structure of 2 as a cembrane-type diterpenoid bearing a hydroxy group at C-13, two trisubstituted carbon-carbon double bonds at C-7/8 and C-11/12, a 1,1-disubstituted carbon-carbon double bond at C-15/17 and a methyl-containing epoxide at C-3/4. The relative structure of 2 was elucidated by analysis of NOESY correlations, as shown in Figure 5 . In the NOESY experiment for 1, H-1 correlated with H-13, but not with H-3, and H-3 showed correlations with H 2 -14, but not with H 3 -18 revealing the S*-, R*-, R*-and R*-configurations of the chiral carbons C-1, C-3, C-4 and C-13, respectively, by modeling analysis. Correlations observed between H-7/H 2 -9 and H-11/H-13, as well as the lack of correlation between H-7/H 3 -19 and H-11/ H 3 -20, reflected the E geometry of the double bonds at C-7/8 and C-11/12. The steroid 3 was found to be identical with the known compound, crassarosterol A, which was first isolated from a Formosan soft coral Sinularia crassa, on the basis of the comparison of its physical and spectroscopic data with those reported previously [4] .
Cytotoxicity of compounds 1-3 toward K562 (human erythromyeloblastoid leukemia), MOLT-4 (human acute lymphoblastic leukemia), HTC-116 (human acute promyelocytic leukemia), DLD-1 (human colorectal adenocarcinoma), T-47D (human breast ductal carcinoma), MDA-MB-231 (human breast adenocarcinoma) and MCF-7 (human breast adenocarcinoma) cells was studied, and the results are shown in Table 3 . These data showed that crassarosterol A (3) exhibited significant cytotoxicity towards K562 and MOLT-4 leukemia. 
Experimental Section

General Experimental Procedures
Optical rotations were measured at a Jasco P-1010 digital polarimeter (Japan Spectroscopic Corporation, Tokyo, Japan 
Animal Material
Specimens of the octocoral Sinularia arborea [8] were collected by hand using scuba equipment off the coast of southern Taiwan in October, 2012, and stored in a freezer (−20 °C) until extraction. A voucher specimen (NMMBA-TWSC-1200X) was deposited in the National Museum of Marine Biology and Aquarium, Taiwan.
Extraction and Isolation
Specimens of the soft coral Sinularia arborea (wet weight 1.6 kg, dry weight 576 g) were minced and extracted with ethyl acetate (EtOAc). The EtOAc extract left after removal of the solvent (12.5 g) was separated by silica gel and eluted using a mixture of n-hexane/EtOAc in a stepwise fashion from 100:1-pure EtOAc to yield 11 fractions A-K. Fraction G was separated by NP-HPLC, using a mixture of n-hexane and acetone (6:1) to yield 26 subfractions G1-G26. Fraction G13 was repurified by NP-HPLC, using a mixture of n-hexane and EtOAc (4:1) to yield 9 subfractions G13A-G13I. Fraction G13G was repurified by NP-HPLC, using a mixture of n-hexane and acetone (7:2, flow rate: 2.0 mL/min) to yield 2 (3.7 mg, t R = 8 m). Fraction G13I was repurified by NP-HPLC, using a mixture of dichloromethane and acetone (10:1, flow rate: 1.0 mL/min) to yield 1 (2.9 mg, t R = 332 m). Fraction H was purified by NP-HPLC, using a mixture of n-hexane and EtOAc (2:1) to obtain 14 subfractions H1-H14. Fraction H12 was repurified by NPLC, using a mixture of n-hexane and acetone (3:1, flow rate: 2.0 mL/min) to yield 3 (1.2 mg, t R = 149 m). 
